UNITED STATES OF AMERICA
TEPARTMENT OF CAMMERCE
OFFICE OF THE ADMINISTRATOR OF CIVIL AERONAUTICS
WASHINGTON 25, D. C.

TRCHNICAL. STANDARD ORIDER TS0-C10
January 2, 1948

SUBJECT: ALTIMEISR, PRESSURE ACTUATED, SENSITIVE TYPE

IN TRODUCTION

Sensitive altimeters are in the class of aircraft camponents which
the Administrator of Civil Aeronautics is authorized to approve in
accordance with Parts 03, 04 and 06 of the Civil Air Regulations.

In the establishment of this Technical Standard Order, consideration
has been given to existing Government and industry standards for sensitive
altimeters for the purpose of adopting the performance requirements of one
of the recognized aeronautical standards as the minimum safety requirements
for sensitive altimeters which are intended for use in civil aircraft. The
specification of the Society of Automotive Engineers, Inc. for sensitive
altimeters contains such requirements.

DIRECTIVE

pursuant to Sections 03.06, 03.500, 04a.07, 04a.500, 04b.05, 06.05
and 06.500 of the Civil Air Regulations, which authorize the Administrator
to approve aircraft equipment, the performance requirements for sensitive
altimeters as set forth in,

# SAE Specification AS-392, Altimeter, Pressure Actuated
Sensitive Type, dated August 1, 1947,

are hereby established as minimum safety requirements for sensitive altim-
eters which are intended for use in civil aircraft.

The following alternate specifications also provide minimum performance
requirements for sensitive altimeters which are satisfactory for use in
civil aircraft as ncted below:

Army-Navy: AN-A-30-2 USAAF: 94-27424
USAAF: 94-27409 94~-R"7857
94-R79594

Any alternate specification listed above may be used in place of the
basic specification. However, the requirements set forth in SAE Specifi-
cation AS-392 are the minimum acceptable to the Civil Aeronautics Admin-
jstration and shall be applicable in all cases wherein the performance
provisions of the alternate specifications do not equal or exceed those
requirements.

SPECIFTIC INSTRUCTLONS

Marking. In addition to the identification information required in

Copies of the SAF specif jcation listed above may be obtained from the
following source: (Copies not available from the CAA.)

+ SAR — Society of Automotive Engineers, Inc., 20 W. 39th St., New York
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the referenced specification, each sensitive altimeter shall be permanently
marked with the Technical Standard Order designation, CAA-TS0-Cl0, to
identify the sensitive altimeter as meeting the requirements of this Order
in accordance with the manufacturers' statement of conformance outlined
below. This identification will be accepted by the Civil Aeronautics
Administration as evidence that the established minimum safety requirements
for sensitive altimeters have been met.

Data Requirements. Nons.

Effective Date. All new installations of sensitive altimeters in any
civil aircraft used in instrument flight shall require sensitive altimeters
complying with the terms herein effective July 1, 1948 for transport cate-
gory aircraft and January 1, 1949 for all other aircraft. Individual air-
craft having sensitive altimeters installed prior to this effective date
may continue to use the older type instruments indefinitely, however, prior
to the effective date, all sensitive altimeters installed in any civil air-
craft used in instrument flight must be calibrated to the limits specified
herein.

Deviations. Requests for deviation or waiver of the requirements
of this Order, which affect the basic airworthiness of the component, should
.be submitted for approval by the Director, Aircraft and Components Service,
of fice of Safety Regulation, CAA. These requests should be addressed to
the nearest Regional Office of the Civil Aeronautics Administration, Attn:
Superintendent, Aircraft and Components Branch.

Conformance. The manufacturer shall furnish to the CAA, Aircraft
and Components Service, Attn: A-298, Washington 25, D. C., a written
statement of conformance signed by a responsible official of his company,
setting forth that the sensitive altimeter to be produced by him meets
the minimum safety requirements established in this Order. Immediately
thereafter distribution of the sensitive altimeters conforming with the
terms of this Order may be started and continued.

The prescribed identification on the sensitive altimeter does not
relieve the aircraft manufacturer or owner of responsibility for the proper
application of the sensitive altimeter in his aircraft, nor waive any of
the requirements concerning type certification of the aircraft in accordance
with existing Civil Air Regulations.

If complaints of nonconformance with the requirements of this Order
are hrought to the attention of the Civil Aeronautics Administration, and
investigation indicates that such complaints are justified, the Administrator
will take appropriate action to restrict the use of the product involved.

Copies of this Technical Standard Order and other technical standard
orders may be obtained from the Civil Aeronautics Administration, Aviation
Information Staff, Washington 25, D. C. '

T. P. Wright
Administrator of Ciyil Aeronautics
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1. PURPQSE: ‘To specify minimum requirements for pressure actuated Sensitive Altime-

ters for use in aircraft the operation of which may subject the instrument to
environmental conditions specified in Sec. 3.3.

2. SCOPE: This specification covers two types as follows:

Type I - Range 35,000 feet. Barometric Pressure. Scale range at least
28.1 = 30.99 inches of mercury (946 - 1049 millibars). May
include markers working in conjunction with the Barometris
Pressure Scale to indicate pressure-altitude.

Type II - Range 50,000 feet. Barometric Pressure. Scale range at least
28,1 - 30,99 inches of mercury (946 - 1049 millibars). May
include markers working in conjunction with the Baromstrie
Pressure Scale to indicate pressure-zltitude.

3. QENERAL REQUIREMENTS :
3.1 Materials and Workmanshlp!

3.1.,1 Mgterialst Materials shall be of a quality which experience or tests have
demonstrated to be suitable and dependable for use in aircraft instruments.

3.1.2 Norkmenship: Workmanship shall be consistent with high-grade aircraft in-
strument manufacturing practics.

3.2 Jdentification: The following information shall be legibly and permanently
marked on the units or attachsd thereto: ,

a, Name of instrument

b. SAE Spec AS 393

¢. Mamifacturer's Part No.

d. Manufacturer's Serial No. or date of manufascture
8. Manufacturer's name and/or trade mark

3.3 Epyiropmental Conditions¢ The following conditions have been established as
design criteria only., Tests shall be conducted as specified in Secs. 5, 6, 7.

3.3.1 Temperature: When installed in accordance with the manufacturer!s instructions,
the unite shall function over ths range of ambient temperatures of -30C to 50C
and shall not be adversely affected by exposure to temperatures of =650 to 70C.

3.3.2 Hpmidity: The units shall function and not be adversely affected when exposed
$0 a relative humidity uwp to and including 95 per cent at approximately 32C,
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3.%.3 YVibration: When installed in accordance with the manufacturer's instructions,

the units shall function and shall not be adversely affected when subjected to
the following vibration.

Frequensy: 500 - 3000 cycles per minute
Amplituede: «010 4nch
Haximum Accelerationt 0.8 g

Fote: It is understood that the unit shall withstand vibration at higher
frequencies but the acceleration value need not exceed that shown above,

¥hen specified hy the purchaser for use in rotary wing aircraft, the frequency
range shall bs 150 - 3000 cycles per minute.

3.3.4 Qyerpresguret The units shall not be adversely affected by exposure to &
pressure of 50 inches of mercury absolute.

4. DETAIL REQUIREMENTS!

4.1 Ipdicating Method: The following method of indication shall be employed. For
indicating an ascent in altitude the sensitive pointer shall move in a clockwise
direction completing one revolution (360 dogree-) for each 1000 feet of altitude
changé. A means shall be provided for showing the multiples of 1000 feet.

4.2 Dial Markinga!

4.2.1 Inoremenka! Markings shall be provided at intervals not exceeding 20 feet of
altitude with major increment markings at 100 foot intervals.

4,2,2 Zero Sekting Syetem: A zero setting system ahall be provided which will permit
the Altimeter to be set to show field elevation at any exlsting ground level
barometric pressure. The zero setting system shall show the barometric pres-
sure in inches of mercury or millibars at sea level throughout the range of at
least 28.1 to 30.99 inches (946 to 1049 millibars). A eafety feature shall be
provided which will prevent incorrect reading of the pressure scale when the
gero setting mechanism exceede its baromatric pressure limits.

4,2,3 Iinigh: Unless otherwise specified, luminescent material (self-activating)
shall be applied to the pointer(s), major graduations and numerals,

4.2,4 Hpmg: The word "Altitude" shall be marked on the dial and may be in the same
finish as the numerals.

4.3 Vipibilityt Pointers and dlal markings shall be visidle from any point within
the frustrum of a cone, the side of which makes an angle of 30 degrees with the
perpendicular to the dial and the small diameter of which is the aperture of the
instrument case, The distance between the dial and the cover glass shall be a
practical minimm and shall not exceed 0.25 of an inch.

5. T CONDITIONS?
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5.2

5.3

5.4

6.

6.1

6.2

6.3

6.4

7.

-3

Atmospheric Conditiona: Unlees othsrwise specified, all teste required by this
specification shall be made at an atmospheric pressure of approximately 29.92
inches-of mercury and at a temperature of approximately 22C. When tests are
made with the atmosphsric pressure or the temperature substantially different
from these values, allowance shall be made for the variation from the specified
condition, ’

{ Unless otherwise specified, all tests for
performance may be made with the instrument subjected to a vidbration of 0,002
to 0,005 inch amplitude at a frequency of 1500 to 2000 cycles per mimite. The
tern amplitude, as used herein, indicates the total displacement from positive
maximum to negative maximum.

Stapdard Pressures: The standard pressures used in calibrating the Altimeters
shall be as specified in Tables III and IIla,

Vibration Stand: A vibration stand shall be used which will vibrate at any
depired frequency between 500 and 3000 cycles per minute and shall subject the
instrument to vibration such that a point on the instrument case will dsscribe,
in a plane inclined 45 degrees to the horizontal, a circle, the diameter of
which is equal to the amplitunde specified herein.

VID P CE ¢+ All instruments shall be subjected to
whatever tests the manufacturer deems necessary to demonstrate specific com-

pliance with this spacification including the following requirements where
applicable.

Calibrationt For a period of not less than twelve hours prior to this test the
Altimeter shall not have been operated at other than the pressures specified in
section 5.1. The barometric pressure scale shall be set at 29.92 inches of
mercury and the scale error recorded. Without changing the setting, the Altime-
ter shall be subjected successively to the pressures specified in Table I. The
reduction in pressure shall be made at a rate of approximately 3000 feet per
mimite, The Altimeter shall remain at the pressure corresponding %o each test
point for at least one minute but not more than ten minutes before a reading ie
taken, The error at all test points shall not exceed the tolerances specified
in Pable I. The movement of the pointers shall be free from backlash and ir-
regular motion when the pressure is changed uniformly.

t A presasure equivalent to 18,000 feet within the case shall not

result in leakage exceeding the tolerance shown in Table II during a period of
10 seconds,

{ The change in pointer indication with change in instrument
position shall not exceed the tolerance specified in Table II.

Barometric Sgale Error: With the ambient pressure constant at 29,92 inches of
mercury, various settings ‘of the barometric pressure scale within its range

shall cause the pointer to indicate the equivalent altitude as shown in
Table III within a tolarance of 25 feet.

QUALIFICATION TESTS¢ As many instruments as deemed necessary to demonstrate

that all instrumente will comply with the requirements of this section shall be
tested in accordance with the mamufacturers' recommendations,
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Low Temperature: The instrument shall Lte esxposed to a temperaturs pf -20C for
3 hours and while at this temperature shall mest the requirements of saction 6.1
within the tolerances epecified in Tablel.

ZLr T t The instrument shall, after alternate expcsures
ts amblent temperatures of -65C and 70C for periods of 24 hours each and a delay
of 3 hours at room temperature following completion of the exposure, meet ths
requirements of Section 6.1, There shall be no evidence of damage as a result
of exposure to the extreme temperatures apscified herein.

Hysterppipt Bot more than 15 minutes after the Altimeter has besen first aub-
lacted to the pressure corresponding to ths vpper limit of the scsle in section
4,0 +ha pressure shall be incresssd st g rate corresponding to a dssreass in
aiti'uie of approximately 3,000 feet per minute until the pressurs corresponding
to 0,000 fset e rssched, ¥itkin 10 seconds the instrument shell indicate
within 100 feet of the teat reading. The Altimeter shall remain at this pree-
rure Yor at least five minutes but not more than 15 minutes before the teat
reading is taken. After the resding hae been teken, the pressure ehall be
furthor inersased at the ebove Tetd natil the presesurs correspondirng to 20,000
feat is reached. The Altimetsr ehanll remain at this presaure for at least one
2'vite but rot more than ten minutea before the test reading is taken, After
the roading has been taken, the pressure shall be further increased at ths above
rate until atmospheric pressure ie reached. The reading of the Altimeter at
¢ither of the two test points ehall not differ from the reading of the Altimeter
for the corresponding altitude in the scale error test by more than the teolerance

spacified in Table II.

Afier Effectt Not more than five minutes after the completion of the hysteresie
test, the pointers shall have rseturned to their original reading, corrected for
any change in atmospheric pressure within the tolerance epecified in Table II,

Viurationt The instrument shell be vibrated at 500 cyclses per minute so that =
pcirt on the case will describs a circle of 003 - ,006 inch diameter. The
“requenrsy shall be slowly increased to 3000 cycles per minute and then slewly
descranged to 500 cycles per mimite, tc “stermine whather the natural frequency
57 the instrument is in this rsuze. The drift of the pointer shall not exceed
50 feet and 1t shsll not oscillate more than 20 feet. After three hours ex-
~ceurs to the vibration axplituia spaciiised in ssction 3.3.3 and at the natural
freguency (i1f between 507 and 3030 crsles psr minute) or at 2000 cycles per
pinote the instrument shail mee’ the recuiremente of Section 6. No damage shall
be evilent after this taost,

ohlg Rffact: The magnetic =ffect of the Altimeter shall be determined in
67 the deflection of & free magnet approximately 1-1/2 inchss leong in e
pasrutis fiaid with a horizontel fatensity of 0.18 ¢ 0.01 gmuss, when the
indisztor te held in varicue positions on an east—wxest line with its nearest

{ ©{va inches from the ceniter of the mesnet, (An aircraft Compass with the
~nz-arsating magnets removed thersfrom uny be uded as the free magnst for this
L.} The raximum deflecticn of the magnet shall not exceed 1 degree for any

nter deflection,
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~5-
Bumjidity: The {nstrument shall function and not be adversely affected when
exposed to the extreme condition specified in paragraph 3.3.2 for a period of
10 hours.

: After being subjected momentarily to an absolute pressure of

50 inches of mercury the pointers shall return to their original reading,

corrected for any change in atmospheric pressure, within 30 feet. Complete
recovery shall have been effected in not more than 30 minutes after the pres-
sure application,

I—————— SRR S S
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TABLE ]
ALT D EFER SCALE -ERROES
Standard Rquivalent Pressurs Tolerance, Feel
A1tituds Herousy Plus_or Mipug
MM 13 Roon Temp. Low Temp.
Sec. 6.1 Sec. 7.1
0 760,0 29.92 20 5
500 746 .4 29.39 20
1,000 732.9 28.86 20
1,500 719.7 28,33 25
2,000 706 .6 27.82 30
3,000 68L.1 26,81 30
4,000 656.2 25.84 35
6, 000 609.0 23.98 40 130
8,000 564 .4 22,22 60
10,000 622, 20,58 80
12,005 483.3 12,03 120 230
14,000 446.4 i7.87 140
16,000 411.8 16.21 150
18,000 379 .4 14.94 180 340
20,000 349 .1 13.76 200
22,000 320.8 12,63 340
25,000 281.9 11.10 376 500
30,000 225.6 5.88 450
35,000 178.7 7.04 526 700
40,000 140.7 De54 600
45.000 110.8 4,36 675
6G, 600 37.3 .44 750 1000
T4BLE 11
Reference
Tasty Sgction Tolersnce, Feet, Plus or Minug
TIPE 1 35,000 TYPE I1 50,000
Case Leak 6.2 100 100
Position Zrvor Teset 6.3 20 20
Hysteresie T3
Firet teet Paoint 25,000 70 150
Second test Point 20,000 70 150
After LKffect Teat 74 30 60
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1824
1727
1620
1633
1436

1340

1148
1053

863
768
673
579

392
298

1814
1717
1620

4
J

1427

1330
1234
1139
1043

946

853
768
664
570
476

382
289
196
103

=82
=174
«~266
«-368
«~449

=631
=721
=812
=902

=992

1805
1707
1610
1513
1417

1321
1225
1129
1034

938

749
666
6560
467

373
280
187
24
+1

~91
-183
=275
-367
-458

-549
-640
=730
=821
=911

=1001

1796
1698
1601

1407

1311
1215
1120
1024

929

739

661
457

364

177
85
-8

=100
=192
=284
=376
-467

=558
=649
=740
=830
=920

=1010

1776

1678

1581
1484
1388

1292
1196
1100
1005

910

815
721
626

439

252
159

=26

=119
-211
~303
~394
=485

~576
-667
~758
-848
~938

=1028

0,06 .07
1766 1756
1668 1659
1572 1562
1475 1465
1378 1369
1282 1273
1186 1177
1091 1081
996 986
900 891
806 796
711 702
617 607
633 514
439 420
336 326
242 233
149 140
57 47
=36 =45
=128 -137
-220 -229
-312 =321
-403 -412
-494 =504
=585 -594
=676 -685
=767 =776
=857 -866
=947 =966

=1037 =1046

0,08  0.09
1746 1737
1649 1639
1652 1542
1456 1446
1359 1350
1263 1254
1167 1158
1072 1062
976 967
881 872
787 v
692 683
598 589
504 496
410 401
i
18 308 |
»4 216 t
131 122 !
38 29 |
B4 -63 |
-146 =156 |
238 =248 !
-330 =339 |
-421  -471 |
513 =622 |
-604 =613 °
-694 =703 ¢
785 =794 ¢
-876 -884 !
-9656  ~974

-1066 =1064
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IABLE I1l-D
= Fe .

Preseure

Hillidaxe Q2 b 2 -1 4 2 [ Z 8 L
950 1773 1743 1716 1686 1657 1629 1600 1572 1643 154
960 1485 1458 1428 1401 1372 1344 1316 1387 1268 1239
970 1202 1173 . 1146 1117 1089 1060 1033 1004 976 948
980 920 892 866 836 809 780 752 736 696 668
990 640 613 586 667 629 502 474 447 419 392
1000 . 364 336 08 281 254 226 199 171 144 116
1010 89 61 34 6 =20 -48 =76 =102 =129 =157
1020 ~184 «-211 -238 «2656 =292 =319 =346 =373 =400 -427
1030 «453 =481 =509 =535 =562 =588 «6l6 =643 =669 -896
1040 =722 =750 =776 =803 =839 =856 =882 =909 =935 =963
1060 =988
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